Preliminary evidence suggests that daytime sleepiness may predate clinical diagnosis of Parkinson disease. The authors examined daytime napping and nighttime sleeping durations, reported in 1996-1997 by 220,934 US NIH-AARP Diet and Health Study participants, in relation to Parkinson disease diagnoses at 3 clinical stages: established (cases diagnosed before 1995, n ¼ 267), recent (1995-1999, n ¼ 396), and prediagnostic (2000 and after, n ¼ 770). Odds ratios and 95% confidence intervals were derived from multivariate logistic regression models. Longer daytime napping was associated with higher odds of Parkinson disease at all 3 clinical stages: the odds ratios comparing long nappers (>1 hour/day) with nonnappers were 3.9 (95% confidence interval: 2.8, 5.6) for established cases, 2.2 (95% confidence interval: 1.7, 3.0) for recent cases, and 1.5 (95% confidence interval: 1.2, 1.9) for prediagnostic cases. Further control for health status or nighttime sleeping duration attenuated the association for established cases but made little difference for recent or prediagnostic cases. In the nighttime sleeping analysis, a clear U-shaped association with Parkinson disease was observed for established cases; however, this association was attenuated markedly for recent cases and disappeared for prediagnostic cases. This study supports the notion that daytime sleepiness, but not nighttime sleeping duration, is one of the early nonmotor symptoms of Parkinson disease.
Parkinson disease is clinically diagnosed by the presence of motor dysfunctions including tremor at rest, rigidity, and bradykinesia. However, Parkinson disease patients also suffer from a variety of nonmotor symptoms, some of which may predate clinical onset of the disease and may be an integral part of the underlying pathogenesis (1-3). Recognizing and characterizing these nonmotor symptoms at different stages of the disease may eventually lead to earlier Parkinson disease diagnosis, better clinical management, and improvement of our understanding of the pathoetiology and progression of the disease (4) . Atypical sleep habits such as excessive daytime sleepiness are common among Parkinson disease patients, which may be partially explained by usage of dopaminergic medications (5) . It is unclear, however, whether Parkinson disease patients have atypical or altered sleep habits prior to their clinical diagnosis. Therefore, we examined the associations between durations of daytime napping or nighttime sleeping and Parkinson disease occurrence during 3 clinical periods (i.e., before, peri-, or after Parkinson disease diagnosis) in a large cohort of older men and women in the National Institutes of Health (NIH)-AARP Diet and Health Study.
MATERIALS AND METHODS

Study population and case identification
The cohort was established in the mid-1990s by the National Cancer Institute and recruited 566,402 members of AARP (formerly the American Association of Retired Persons), aged 50-71 years, from 6 states and 2 metropolitan areas of the United States (6) . The baseline survey was conducted in 1995-1996, focusing on dietary habits (6) . Between 1996 and 1997, 334,908 participants of the original cohort also answered a risk factor questionnaire to provide more details on their health behaviors, including numbers of hours of daytime napping and nighttime sleeping.
In 2004-2006, a follow-up questionnaire was mailed to all surviving participants of the original cohort to update their health status and to ascertain the occurrence of cancers and other major chronic diseases, including Parkinson disease. On the follow-up questionnaire, participants were asked whether they had ever been diagnosed by a physician as having Parkinson disease and the year of first diagnosis (before 1985, 1985-1994, 1995-1999, or 2000 and after) . A total of 318,261 participants answered the follow-up questionnaire.
The base population of the current study therefore included 220,934 participants who answered both the risk factor survey in 1996-1997 and the follow-up survey in [2004] [2005] [2006] . Of these participants, 1,681 reported physician-diagnosed Parkinson disease on the 2004-2006 follow-up survey. We excluded 242 self-reports that were later found to be erroneous by the validation procedure described below and 6 additional cases for whom data on sleep habits were missing. Of the eligible participants who did not report a Parkinson disease diagnosis, we excluded 4,916 missing data on Parkinson disease status and 452 missing data on sleep habits. The final analyses included 1,433 Parkinson disease cases and 213,885 individuals without Parkinson disease. In reference to the exposure assessment in 1996-1997, these cases included 267 that were established (diagnosed before 1995), 396 that were recent (diagnosed between 1995 and 1999), and 770 that were prediagnostic (diagnosed in 2000 and after).
Participants consented to the study by returning survey questionnaires. The study protocol was approved by the institutional review board of the National Institute of Environmental Health Sciences and the Special Studies Institutional Review Board of the National Cancer Institute.
We started to validate the diagnoses of surviving Parkinson disease cases in this cohort in 2007. With permission from cases who self-reported Parkinson disease, we asked their treating neurologists to complete a Parkinson disease diagnostic form and to send us a copy of the patients' medical records. The medical records were subsequently reviewed by a movement disorder specialist, and a self-report of clinical Parkinson disease diagnosis was accepted if the treating neurologist confirmed the diagnosis or if medical record review by the movement disorder specialist showed at least 2 of the 4 cardinal Parkinson disease signs (with one being rest tremor or bradykinesia), a progressive course, and the absence of unresponsiveness to dopaminergic treatment or other features suggesting an alternative diagnosis. This protocol has been successfully implemented in other large cohorts (7, 8) . Of the 1,069 responses from physicians and medical record review we received to date, 940 (87.9%) Parkinson disease diagnoses were confirmed. The confirmation rate was similar across all 3 groups of patients: 91.3% for established cases, 88.0% for recent cases, and 87.2% for prediagnostic cases.
Exposure assessment
At the risk factor survey in 1996-1997, participants were asked how many hours were spent napping during daytime or sleeping at nighttime in a typical 24-hour period over the past 12 months. Five choices were available for the daytime napping question (hours): none, <1, 1-2, 3-4, and 5. For nighttime sleeping, 4 categories were provided (hours): <5, 5-6, 7-8, and 9. The risk factor survey also asked participants to report how often they participated in moderate to vigorous physical activities in the past 10 years, providing 6 categories (never, rarely, <1, 1-3, 4-7, and >7 hours/week). At the dietary survey in 1995-1996, participants were asked whether they had ever smoked more than 100 cigarettes during their lifetime and, for ever smokers, the typical amount of smoking, current smoking status, and number of years since last smoking. The dietary survey also collected information on date of birth, sex, race, self-evaluated general health status, and consumption of coffee and other caffeinated drinks (6) . Unlike other covariates, information on depression was not collected until the follow-up survey in [2004] [2005] [2006] , where physician-diagnosed depression was asked about in the same format as Parkinson disease (none; year of first diagnosis: before 1985, 1985-1994, 1995-1999, 2000 and after).
Statistical analysis
We used multivariate logistic regression models to calculate odds ratios and 95% confidence intervals. Because sleep habits were asked about in 1996-1997, the exposure information was collected after diagnosis for established cases, within 2 years before or after the diagnosis for recent cases, and at least 3-4 years prior to the diagnosis for prediagnostic cases.
Using participants reporting no napping as the reference, we examined the relation between daytime napping and Parkinson disease occurrence for all 3 case groups. In these analyses, we combined participants with 1 hour of napping because few participants reported more than 2 hours of napping. In the analysis for nighttime sleeping, we used 7-8 hours of sleeping as the reference. Covariates included age (in 5-year age groups), sex, race (non-Hispanic Caucasian vs. others), smoking status (never smoker, past smoker (years since last smoking: 35, 30-34, 20-29, 10-19, 5-9, and 1-4), and current smoker (cigarettes per day: 1-10, 11-20, >20)), daily caffeine intake (mg/day, quintiles), and moderate to vigorous physical activity (never, rarely, <1, 1-3, 4-7, and 7 hours/week). We additionally adjusted for self-reported health status (excellent, very good, good, fair, or poor) to examine the potential impact of general health status on the analyses. Depression is associated with both sleeping behaviors (9) and the occurrence of Parkinson disease (10, 11) . However, we did not have information on depression at the time that sleeping and napping durations were asked about. We therefore conducted additional sensitivity analyses to further adjust for ever presence of depression until the follow-up survey.
The primary analyses were first conducted by including all participants and then by sex, age (years: 62 vs. >62), smoking status (never vs. ever smoker), and caffeine intake (above or below the median). In the analysis of napping, we tested the statistical significance for a linear trend by assigning a value to each category of the variable napping (0 for no napping, 0.5 for <1 hour, and 1.5 for 1 hour) and including it as a continuous variable in the regression model. To further examine whether the relation between napping and Parkinson disease was influenced by atypical nighttime sleeping, we conducted analysis by further controlling for nighttime sleeping duration or limited the analysis to participants who reported the typical 7-8 hours of sleeping. All statistical analysis was conducted by using SAS software (version 9.2; SAS Institute, Inc., Cary, North Carolina), and the significance tests were 2-tailed with a ¼ 0.05. Table 1 shows population characteristics of Parkinson disease patients diagnosed at different time periods and of those without the disease. As expected, Parkinson disease patients were older than those without Parkinson disease; they also were more likely to be men and Caucasians but were less likely to be current smokers, consumed less caffeine, and were less physically active. Parkinson disease patients were more likely to report daytime napping and less optimal (excellent or very good) health. They were also more likely to report an ever diagnosis of depression at the follow-up survey. Refer to Web Table 1 (posted on the Journal's Web site (http://aje.oupjournals.org/)) for population characteristics by hours of daytime napping and nighttime sleeping.
RESULTS
Longer daytime napping was associated with higher odds of having a Parkinson disease diagnosis at all 3 time periods ( Figure 1 ). The association was strongest for established cases diagnosed before 1995 (multivariate odds ratio comparing 1 hour with no napping ¼ 3.9, 95% confidence interval: 2.8, 5.6; P for trend <0.0001), followed by recent cases diagnosed in 1995-1999 (corresponding odds ratio ¼ 2.2, 95% confidence interval: 1.7, 3.0; P for trend <0.0001) and prediagnostic cases diagnosed in 2000 and after (corresponding odds ratio ¼ 1.5, 95% confidence interval: 1.2, 1.9; P for trend ¼ 0.0003). Additionally adjusting for self-reported health status (Figure 1 ) or hours of nighttime sleeping (Table  2) , or limiting the analysis to participants who reported 7-8 hours of sleep (Table 2) , modestly attenuated the association for established cases but made little difference for recent or prediagnostic cases. Further adjusting for depression up to the follow-up survey barely changed the results. For example, on the basis of the fully adjusted model shown in Figure 1 , the odds ratios comparing 1 hour with no napping with additional adjustment for depression were 2.4 (95% confidence interval: 1.6, 3.4; P for trend <0.0001) for established cases, 1.9 (95% confidence interval: 1.4, 2.6; P for trend <0.0001) for recent cases, and 1.4 (95% confidence interval: 1.1, 1.8; P for trend ¼ 0.0043) for prediagnostic cases. Stratified analyses according to subgroups of age, sex, smoking, and caffeine intake generally produced similar results despite lower statistical power (data not shown).
In the analysis for nighttime sleeping, both shorter and longer sleeping seemed to be associated with higher odds of reporting established Parkinson disease diagnosed prior to 1995 (Figure 2 ). Compared with that for participants who slept 7-8 hours per night, the multivariate odds ratios for having established Parkinson disease were 4.9 (95% confidence interval: 3.0, 7.9) for participants reporting <5 hours of nighttime sleeping, 2.0 (95% confidence interval: 1.5, 2.6) for 5-6 hours, and 1.6 (95% confidence interval: 0.9, 3.0) for 9 hours. However, this association was much attenuated after further adjustment for self-reported health status (Figure 2) . In contrast to prevalent cases, this Ushaped relation was less apparent for recent cases and disappeared for prediagnostic cases (Figure 2 ). Similar to the napping analysis, further adjustment for depression or stratifying analyses by age, sex, smoking, and caffeine intake generally showed similar results (data not shown).
DISCUSSION
In this large population of older adults in the United States, we demonstrated that, in addition to strong associations for established and recent cases, longer daytime napping was also associated with future Parkinson disease occurrence. Compared with nonnappers, participants who napped 1 hour per day in 1996-1997 had an approximately 50% higher chance of reporting a Parkinson disease diagnosis in 2000 and after. This association with prediagnostic cases could not be explained by Parkinson disease medications or by inadequate nighttime sleeping and deteriorating health status, as shown in our sensitivity analyses. In contrast to napping, although atypical sleeping durations were more common among established Parkinson disease cases, they showed no relation with future Parkinson disease diagnosis.
It is well known that most Parkinson disease patients experience sleep abnormalities, ranging from difficulty in sleep maintenance, to sleep fragmentation, to conditions such as excessive daytime sleepiness and rapid eye movement sleep behavior disorder (5, 12) . This disorder is rare in the general population but affects up to 27% of Parkinson disease patients over time (13) and has been suggested to precede the clinical onset of Parkinson disease (13) (14) (15) (16) (17) . Not surprisingly, the current study supports the association of atypical sleep habits with Parkinson disease. As expected, the strongest associations were found for established Parkinson disease cases, which could be partially explained by their poor health status.
Excessive daytime sleepiness is the well-documented sleep disturbance that affects 16%-50% of Parkinson disease patients (18) . Longitudinal data among Parkinson disease patients show that the prevalence of excessive daytime sleepiness increases as the disease progresses, and Parkinson disease medications such as dopamine agonists may, at least partially, contribute to this problem (18) . However, most studies did not clarify whether the presence of excessive daytime sleepiness is secondary to inadequate sleep at night and/or side effects of Parkinson disease treatments, or whether it actually develops prior to Parkinson disease diagnosis. To our knowledge, only one prospective study has investigated whether daytime sleepiness appears before Parkinson disease diagnosis (2) . The analysis was conducted in the Honolulu Asia Aging Study with 43 incident cases and 7 years of follow-up of 3,078 Japanese-American men. The study showed that men who felt sleepy most of the day were about 3 times more likely to develop Parkinson disease than men who did not. Another study found an association for nurses who slept longer hours in a 24-hour period, compared with shorter sleepers, with higher future Parkinson disease occurrence (19) . However, this study did not differentiate between daytime and nighttime sleeping Abbreviations: NIH, National Institutes of Health; SD, standard deviation. a Sex, race, smoking status, daily caffeine intake, and general health status were derived from the dietary survey (1995) (1996) ; age, physical activity, and napping/sleeping duration were obtained from the risk factor survey (1996-1997); and depression was ascertained from the follow-up survey (2004) (2005) (2006) and might have been affected by the fact that nurses had altered sleep habits due to shift-work schedules. The current study is substantially larger than the previous ones, included both men and women, and simultaneously examined daytime napping and nighttime sleeping. The results of our study show that longer daytime napping, but not atypical nighttime sleeping durations, is associated with future Parkinson disease occurrence. Furthermore, our sensitivity analyses of participants with a typical night sleeping duration (7-8 hours) suggest that the association of longer day napping and future Parkinson disease occurrence could not be explained simply by short night sleeping.
The lack of an association between nighttime sleeping and future Parkinson disease occurrence may need to be approached cautiously. Although these data may suggest that indeed nighttime sleeping is not disturbed during the premotor stage of Parkinson disease, this finding may be due to measurement errors regarding nighttime sleeping duration. Self-reported night sleeping duration is both approximate and subjective, and it may not reflect the quality of nighttime sleeping and the various sleep cycles. Objective, yet relatively expensive polysonographic assessment provides much better data on the quality and quantity of nighttime sleeping but is not suitable for use in large populations. Because daytime napping generally involves less than one sleep cycle, people tend to arise if they awake from a daytime nap; thus, reports of daytime napping time may be more accurate.
Although this study has several strengths, as mentioned earlier, it also has some limitations. Daytime napping is only a surrogate for excessive daytime sleepiness, because whether or not one can actually nap depends on several factors in addition to his or her tendency to sleep. Therefore, our result may not be directly comparable to those from Abbott et al. (2) , who aimed to directly ask about daytime sleepiness. In the current study, we adjusted for and stratified by some known Parkinson disease risk factors and conducted several sensitivity analyses to examine the robustness of our findings; however, we did not have data on some other potential confounders such as head injury that may be associated with both sleep duration and Parkinson disease (20, 21) . Therefore, we were unable to exclude the possibility of unmeasured confounding.
We relied on self-reports for case identification because it was necessary in such a large population-based cohort. It is likely that some cases were not identified and some noncases were misclassified as cases. On the other hand, the ongoing validation study suggests that most self-reports can be confirmed by the treating neurologists or by expert medical record review. Furthermore, we previously reported the well-known association of smoking with Parkinson disease in this cohort, which indirectly supports our case identification strategy (22) . We did not have information on the cohort's use of dopaminergic medicines, which may alter sleeping/napping habits; therefore, we were unable to examine how the use of dopaminergic medicines might have affected our analyses for prevalent and recent cases.
As in many other epidemiologic studies (23, 24) , hours of napping was self-reported; therefore, misclassification of (14) , whereas our study did not collect data on this disorder and had a shorter follow-up interval. Nonetheless, our study suggests that daytime napping, not atypical nighttime sleep duration, is associated with a higher future risk of Parkinson disease.
